Microvascular failure is hallmark of sepsis in humans and is recognized as a strong predictor of mortality. In the mouse subjected to cecal ligation and puncture (CLP) to induce a clinically relevant sepsis, renal microvascular permeability increases and peritubular capillary perfusion declines rapidly in the kidney leading to acute kidney injury (AKI). Sphingosine-1-phosphate (S1P) is a key regulator of microvascular endothelial function. To investigate the role of S1P in the development of microvascular permeability and peritubular capillary hypoperfusion in the kidney during CLP-induced AKI, we used a pharmacologic approach and a clinically relevant delayed dosing paradigm. Evans blue dye was used to measure renal microvascular permeability and intravital video microscopy was used to quantitate renal cortical capillary perfusion. The S1P receptor 1 (S1P1) agonist SEW2871 were administered at the time of CLP and produced a dose-dependent but partial reduction in renal microvascular permeability at 6 hours after CLP. However, neither agent improved capillary perfusion at 6 hours. With delayed administration at 6 hours after CLP, only SEW2871 reversed microvascular permeability when measured at 18 hours. Importantly, SEW2871 also restored capillary perfusion and improved renal function. These data suggest that S1P1 and S1P2 do not regulate the early decline in renal capillary perfusion. However, later in the course of sepsis, pharmacologic stimulation of S1P1, even when delaying therapy until after injury has occurred, improves capillary and renal function, suggesting this approach should be evaluated as an adjunct therapy during sepsis.
Introduction
Sepsis is a clinical condition resulting from a severe inflammatory response elicited by a systemic microbial infection (Lee and Slutsky, 2010) . It is the eighth leading cause of death in the elderly and the major cause of death in critically ill patients (Angus et al., 2001; Hotchkiss and Karl, 2003) . The development of acute kidney injury (AKI) is common in the septic patient and more than doubles the mortality rate to near 70% (Heemskerk et al., 2009) . Unfortunately, the foundation of treatment of sepsis remains essentially nonspecific supportive care (Lee and Slutsky, 2010) . Moreover, treatment is generally begun only after the onset of symptoms of the systemic inflammatory response syndrome, a time when kidney injury has likely already been initiated (Zarjou and Agarwal, 2011) . Thus, it is critically important to identify new therapeutic targets that could be effective even when therapy is initiated only after diagnosis.
Microvascular dysfunction is a hallmark of sepsis in humans and is newly recognized as a strong predictor of death in patients with severe sepsis (Spanos et al., 2010; De Backer et al., 2013 . In rodent models of sepsis, the renal microcirculation is compromised very early during the development of sepsisinduced AKI (Yasuda et al., 2006; Wu et al., 2007a,b; Wu and Mayeux, 2007; Seely et al., 2011; Wang et al., 2012) . These defects include an increase in renal microvascular permeability, a reduction in peritubular capillary perfusion, and regional hypoxia. The mechanisms responsible for renal microcirculatory failure are not fully understood, but an increase in renal microvascular permeability, which precedes the fall in renal capillary perfusion, may contribute to development of decreased flow and vascular congestion (Wu et al., 2007a; Wang et al., 2012) . Endothelial cells are a site of injury during systemic inflammation, and disruption of endothelial cell-cell contact is considered an important mechanism for the enhanced microvascular permeability that occurs during sepsis (Lee and Slutsky, 2010) .
Sphingosine-1-phosphate (S1P), a bioactive lysophospholipid generated from intracellular ceramide, has emerged as a key regulator of endothelial stability, vascular permeability, and microvascular function (Lee et al., 1999; Wang and Dudek, 2009; Zeng et al., 2014) . S1P acts primarily through five unique G protein-coupled receptors expressed in distinct combinations in different cell types. For example, S1P receptor 1 (S1P1) is coupled to G i , and in the endothelial cell, S1P1 agonists enhance the permeability barrier through the activation of Rac GTPase, leading to assembly of adheren junctions, cytoskeletal reorganization, and focal adhesion formation (Wang and Dudek, 2009 ). In contrast, stimulation of S1P receptor 2 (S1P2) in endothelial cells, which couple to G i , G q , and G 12/13 , results in Rho-ROCK (RhoA-associated kinase) and PTEN (phosphatase and tensin homologue) dependent disruption of adherens junctions and an increase in paracellular permeability (Sanchez et al., 2007) . Hence, the balance between the activation and/or regulation of S1P1 and S1P2 may control the regulation of vascular permeability by S1P in the microcirculation.
In addition to endothelial cells, S1P1 and S1P2 are expressed by the renal epithelium; however, expression can vary in different regions of the kidney, and their function has not been fully characterized (Zhu et al., 2011; Park et al., 2012) . Agonists to S1P1 and antagonists to S1P2 protect against renal ischemia/ reperfusion injury (Awad et al., 2006; Park et al., 2012) . Interestingly, selective deletion of endothelial S1P1 (Ham et al., 2014) or proximal tubule S1P1 (Bajwa et al., 2010) exacerbates renal ischemia/reperfusion injury, suggesting a cross-talk between the renal microvasculature and tubular epithelium during renal ischemia, which has also been suggested to occur during sepsis (Mayeux and Macmillan-Crow, 2012) . Recent studies in the kidney also suggest that S1P could be a physiologic regulator of preglomerular vascular tone (Guan et al., 2014) .
To evaluate the role of S1P1 and S1P2 in septic AKI, preclinical studies in mice were performed with SEW2871 [5-[4-phenyl-5-(trifluoromethyl)-2-thienyl]-3-[3-(trifluoromethyl)phenyl]-1, 2,4-oxadiazole], an S1P1 agonist (Sanna et al., 2004), and JTE-013 [N-(2,6-dichloro-4-pyridinyl)-2-[1,3-dimethyl-4-(1-methylethyl)-1H-pyrazolo[3,4-b] pyridin-6-yl]-hydrazinecarboxamide], an S1P2 antagonist (Osada et al., 2002) , to examine their effects on renal microvascular permeability and capillary perfusion. Because therapy in the septic patient is usually begun only after the onset of symptoms, these agents were evaluated using a clinically relevant delayed dosing paradigm.
Materials and Methods
Fluorescein isothiocyanate-dextran 500,000-Da conjugate, fatty acid, and globulin-free bovine serum albumin, dimethylformamide (DMF), formamide, and Evans blue dye (EBD) were purchased from Sigma-Aldrich (St. Louis, MO). SEW2871 and JTE-013 were purchased from Cayman Chemical Company (Ann Arbor, MI).
Cecal Ligation and Puncture Model of Sepsis. Cecal ligation and puncture (CLP) was performed on male C57/BL6 mice (Harlan, Indianapolis, IN) aged 38-40 weeks as described previously elsewhere (Miyaji et al., 2003; Yasuda et al., 2006; Wu et al., 2007a) . While the mice were under isoflurane anesthesia, 1.5 cm of the cecal tip was ligated using a 4-0 silk suture and punctured through and through with a 21-gauge needle. Approximately a 1-mm column of fecal material was expressed through each opening. In sham-operated mice (sham), the cecum was isolated but neither ligated nor punctured. After surgery, all mice received 1 ml of prewarmed saline and were placed in individual cages on a heating pad. Mice studied at time points longer than 6 hours were given imipenem/cilastatin (14 mg/kg) and 1.5 ml of normal saline (40 ml/kg) by subcutaneous injection at 6 hours. All animals were housed and handled in accordance to the National Institutes of Health Guide for the Care of Laboratory Animals with approval from an internal animal care and use committee.
Administration of SEW2871 and JTE-013. Fresh solutions of SEW2871 and JTE-013 were prepared in DMF, kept in the dark, and further diluted to the desired concentrations in 3% fatty acid and globulin-free bovine serum albumin in phosphate-buffered saline (DMF vehicle) just before use. SEW2871 was evaluated at doses of 1, 3, 10, 30 mg/kg. JTE-013 was evaluated at doses of 0.1, 1, 10 mg/kg. Mice were treated with SEW2871, JTE-013, or DMF vehicle in a volume of 2 ml/g body weight by intraperitoneal injection.
Intravital Video Microscopy. Intravital video microscopy (IVVM) was performed as described previously elsewhere Holthoff et al., 2013) . Briefly, after anesthesia with isoflurane, fluorescein isothiocyanate-labeled dextran (2 mmol/kg in 3 ml/kg normal saline) was administered via the penile vein to visualize the capillary vascular space. After 10 minutes, the left kidney was exposed by a flank incision and positioned on a glass stage above an inverted Zeiss Axiovert 200M fluorescent microscope equipped with an Axiocam HSm camera (Zeiss, Germany). Videos of 10 seconds (approximately 30 frames/seconds) at 200Â magnification were acquired from five randomly selected, nonoverlapping fields of view. Body temperature was maintained at 35-37°C with a warming lamp.
Assessment of Renal Microcirculation. Approximately 150 capillaries were analyzed from the kidney of each animal. Capillaries were randomly selected from each of the videos collected during IVVM and categorized as "continuous" where red blood cell movement was uninterrupted; "intermittent" where red blood cell movement stopped or reversed; or "no flow" where no red blood cell movement was observed. Data were expressed as the percentage of vessels in each of the three categories.
Assessment of Renal Microvascular Permeability Using Evans Blue Dye. Renal microvascular permeability was assessed as described by Yasuda et al. (2006) with slight modifications Holthoff et al., 2013) . At 30 minutes before killing, EBD (1% in 0.9% saline) was injected at 2 ml/kg via the tail vein. At killing, mice were perfused with 30 ml of phosphate-buffered saline through the left ventricle until all blood was eliminated. The right kidney was weighed, homogenized in 1 ml formamide, and then incubated at 55°C for 18 hours. The homogenate was then centrifuged at 12,000g for 30 minutes, and the supernatant was collected. EBD was quantified in the supernatant by measuring absorbance at 620 nm and correcting for turbidity at 740 nm, as described by Moitra et al. (2007) . Concentrations of EBD were determined from a standard curve and expressed as micrograms per gram kidney wet weight (right kidney).
Measurement of Mean Arterial Pressure in Conscious Mice. Mean arterial pressure was monitored continuously in conscious mice using biotelemetry as described previously elsewhere Holthoff et al., 2013) . Transmitters (Data Sciences International, Minneapolis, MN) were implanted into the carotid artery under isoflurane anesthesia, and the mice were allowed to recover for 5 days. Mice were reanesthetized with isoflurane, and sepsis was induced by CLP. Mean arterial pressure was recorded for 10 seconds every 5 minutes.
Serum Blood Urea Nitrogen and Creatinine. Blood urea nitrogen (BUN) and creatinine concentrations in serum were measured using the QuantiChrom Urea Assay kit and Creatinine Assay kit, respectively (BioAssay Systems, Hayward, CA). Data were expressed as milligrams per deciliter of serum.
Histologic Analysis of Renal Morphology. Kidney sections were stained for glycoproteins using the periodic acid-Schiff method and scored in a blinded, semiquantitative manner. For each mouse, at least 10 high-power (400Â magnification) fields were examined. The percentage of tubules that displayed cellular necrosis, loss of brush border, cast formation, vacuolization, and tubule dilation were scored as follows: 0 5 none, 1 # 10%, 2 5 11-25%, 3 5 26-45%, 4 5 46-75%, and 5 $ 76%.
Statistical Analysis. Data, presented as mean 6 S.E.M., were analyzed using Prism 5.0 (GraphPad Software, San Diego, CA). Data with three or more groups were analyzed using a one-way analysis of variance followed by the Bonferroni or Newman-Keuls post hoc tests with the exception of the renal tubular injury scores, which were analyzed using the nonparametric Kruskal-Wallis test followed by the Dunn multiple-comparisons test. P , 0.05 were considered statistically significant.
Results

Dose-Response Effects of SEW2871 and JTE-013 on
Renal Microvascular Permeability at 6 Hours after CLP. Increased microvascular permeability is one key component of vascular dysfunction associated with sepsis-induced organ injury (Kumar et al., 2009 ). In the mouse, an increase in vascular permeability in the kidney is one of the earliest events after CLP . The roles of S1P1 and S1P2 were evaluated using the S1P1 agonist SEW2871 at doses of 1, 3, 10, and 30 mg/kg and the S1P2 antagonist JTE-013 at doses of and 0.1, 1.0, and 10 mg/kg. The vehicle or each agent was administered at the time of CLP by intraperitoneal injection.
In the CLP and CLP 1 vehicle groups, microvascular permeability was significantly increased at 6 hours compared with the sham group (Fig. 1) . There was no difference between the CLP alone and CLP 1 vehicle groups, indicating that the vehicle itself did not alter permeability.
SEW2871 at doses of 10 and 30 mg/kg significantly, but incompletely, decreased microvascular permeability. JTE-013 at doses of 1 and 10 mg/kg also significantly, but incompletely, decreased microvascular permeability. To determine whether a combination of these agents could further reduce permeability, mice were administered SEW2871 at 10 mg/kg and JTE-013 at 1 mg/kg, the lowest doses of each that significantly reduced permeability alone. The combination did not reduce permeability more than either agent alone.
Effects of SEW2871 and JTE-013 on Renal Peritubular Capillary Perfusion at 6 Hours after CLP. Using IVVM, we categorized the cortical distribution of peritubular capillary perfusion as continuous, intermittent, or no flow. At 6 hours after CLP, the percentage of capillaries with continuous perfusion was significantly reduced, and the percentage of capillaries with intermittent and no perfusion was significantly increased compared with sham control (Fig. 2) . The most efficacious doses of SEW2871 (10 mg/kg) and JTE-013 (1 mg/kg) to reduce permeability were evaluated for their effects on the renal capillary perfusion at 6 hours. Vehicle or each agent was administered at the time of CLP surgery. Treatment with SEW2871 or JTE-013 (Fig. 2) at doses that reduced renal microvascular permeability had no effect on the renal cortical peritubular capillary perfusion at 6 hours after CLP compared with vehicle alone.
Delayed Treatment with SEW2871 or JTE-013 on Renal Peritubular Microvascular Permeability at 18 Hours after CLP. Therapy in the septic patient is most often begun only after the onset of symptoms (Russell, 2006) . To evaluate the clinically relevant therapeutic potential of SEW2871 and JTE-013 we used a delayed dosing paradigm. These agents were administered at 6 hours after CLP because this is the time of greatest increase in renal microvascular permeability and greatest decline in renal capillary perfusion . At 18 hours after CLP, microvascular permeability remained elevated compared with the sham group. Similar to what was observed at 6 hours after CLP, delayed administration of vehicle also did not affect CLP-induced permeability at Fig. 1 . Effects of SEW2871 and JTE-013 on renal microvascular permeability at 6 hours after CLP. At the time of CLP, mice received vehicle (n = 9), various doses of SEW2871 (n = 6-11) or JTE-013 (n = 4-6), or the combination of SEW2871 and JTE-013 (n = 6). At 6 hours, Evans blue dye was used to measure microvascular permeability. There was a significant increase in renal microvascular permeability in the CLP (n = 5) and CLP + vehicle groups compared with the sham group (n = 6). Both SEW2871 and JTE-013 produced partial but significant dose-dependent decreases in microvascular permeability. The combination of SEW2871 and JTE-013 produced no additional decrease. Data are mean 6 S.E.M.; *P , 0.05 compared with the sham group; † P , 0.05 compare with the CLP group. Fig. 2 . Effect of SEW2871 and JTE-013 on renal peritubular capillary perfusion at 6 hours after CLP. At 6 hours after CLP, there were significant decreases in the percentage of cortical peritubular capillaries with continuous flow and increases in the percentage with intermittent and no flow. Neither SEW2871 (10 mg/kg) nor JTE-013 (1 mg/kg), administered at the time of CLP, altered the distribution of capillaries with continuous or no flow. Data are mean 6 S.E.M.; *P , 0.05 compared with the sham group; n = 7 in sham, n = 9 in CLP + vehicle, n = 5 in CLP + SEW2871, and n = 5 in CLP + JTE-013.
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18 hours; therefore, the CLP and CLP 1 vehicle groups were combined in Fig. 3 . We chose to test the lowest most efficacious doses of SEW2871 (10 mg/kg) and JTE-013 (1 mg/kg), determined in Fig. 1 , using this delayed dosing paradigm. Delaying treatment until 6 hours after CLP with SEW2871 reversed renal microvascular permeability to levels not different from the sham group (Fig. 3) . In contrast, delayed treatment with JTE-013 at 1 mg/kg did not reverse renal microvascular permeability. To help confirm the absence of efficacy, we also tested JTE-013 at 10 mg/kg. Even this higher dose did not reduce microvascular permeability.
Effect of Delayed Therapy with SEW2871 on Renal Peritubular Capillary Perfusion. CLP in the mouse produces a sustained decrease in peritubular capillary perfusion . Because SEW2871 reversed microvascular permeability even with delayed therapy, it was evaluated further for possible effects on the decreases in peritubular capillary perfusion at 18 hours. Even when administered at 6 hours after CLP, SEW2871 (10 mg/kg) reversed the decrease in peritubular capillary perfusion (Fig. 4) .
Effect of Delayed Therapy with SEW2871 on Mean Arterial Pressure. Our model of sepsis is one of severe sepsis associated with hypotension (Holthoff et al., , 2013 Wang et al., 2012) . Because agents that increase mean arterial pressure (MAP) could increase peritubular capillary perfusion without exerting any direct action on renal capillaries, the effects of vehicle and SEW2871 on MAP were evaluated in conscious mice by biotelemetry (Fig. 5) . CLP produced a rapid fall in MAP that persisted through 18 hours. Neither vehicle nor SEW2871 (10 mg/kg) administered at 6 hours after CLP significantly altered MAP when compared with mice subjected to CLP alone.
Effect of Delayed Therapy with SEW2871 on Renal Function and Morphology. At 18 hours after CLP, two clinical markers of renal function, serum BUN and creatinine, indicated a decline in renal function. Treatment with SEW2871 (10 mg/kg) at 6 hours after CLP, a time when glomerular filtration is already decreased and serum BUN is already elevated Leelahavanichkul et al., 2014; Patil et al., 2014) , significantly reduced the serum levels of BUN and prevented the increase in serum creatinine (Fig. 6, A and B) . However, measurements of serum creatinine using the picrate colorimetric method must be interpreted with caution (Meyer et al., 1985; Yuen et al., 2004) . At 18 hours after CLP, the changes in kidney morphology were evident but relatively mild and included some loss of brush border, tubular degeneration, and vacuolization. SEW2871 also improved the kidney morphology injury score (Fig. 6C) . Taken together, these findings along with improved capillary perfusion suggest that even delayed treatment with SEW2871 improved but did not fully restore renal function.
Discussion
Within the first few hours after CLP in the mouse, cytokines are elevated (Miyaji et al., 2003; Wang et al., 2011) , renal microvascular permeability increases , and the fall in peritubular capillary perfusion parallels the fall in MAP Wang et al., 2012) . As sepsis progresses, renal epithelial oxidant generation and tubular injury appear to extend microvascular injury and impede recovery Patil et al., 2014) .
In this study we used a pharmacologic approach to examine the relationships between renal vascular permeability, peritubular capillary perfusion, and renal function by targeting S1P receptors in CLP-induced sepsis, a clinically relevant model of sepsis-induced AKI. An important finding from our previous study was the demonstration of early renal capillary dysfunction that included the rapid increase in microvascular permeability followed by a decrease in renal capillary perfusion . Renal capillary hypoperfusion during sepsis can lead to regional hypoxia (Yasuda et al., 2006) and an increase in tubular epithelial redox stress (Wu and Mayeux, 2007) . Increased microvascular permeability could also increase leukocytes extravasation and extracellular edema (Bajwa et al., 2010) , which could contribute to tubular epithelial damage. Because both decreased perfusion and increased permeability of the renal microvasculature can promote renal tubular cell injury, we reasoned that targeting microvascular dysfunction might protect the tubular epithelium and overall renal function.
The doses of SEW2871 and JTE-013 tested were based on studies evaluating these agents in renal ischemic injury (Awad et al., 2006; Park et al., 2012) . With pretreatment, each Fig. 3 . Effect of delayed treatment with SEW2871 and JTE-013 on renal microvascular permeability at 18 hours after CLP. At 18 hours after CLP, microvascular permeability was significantly increased. Administration of SEW2871 (10 mg/kg) at 6 hours after CLP, a time when microvascular permeability was already increased (Fig. 1) , resulted in a decrease in microvascular permeability when measured at 18 hours. In contrast, JTE-013 at 1 or 10 mg/kg administered at 6 hours after CLP had no effect on microvascular permeability at 18 hours. Data are mean 6 S.E.M.; *P , 0.05 compared with sham; n = 6 in sham, n = 8 in CLP, n = 5 in CLP + SEW2871, and n = 4-5 in CLP + JTE-013 groups. Fig. 4 . Effects of delayed treatment with SEW2871 on peritubular capillary perfusion at 18 hours after CLP. SEW2871 (10 mg/kg) administered 6 hours after CLP restored the distribution of peritubular capillary perfusion to the levels in the sham group. Data are mean 6 S.E.M.; *P , 0.05 compared with sham; n = 6 in sham, n = 8 in CLP, and n = 8 in CLP + SEW2871.
agent produced a dose-dependent decrease in microvascular permeability at 6 hours after CLP; however, the protection against leakage was incomplete, and the combination of the two agents at the lowest most efficacious dose of each provided no further protection. Sepsis-induced endothelial injury is orchestrated through a complex series of interrelated pathways (Aird, 2003; Lee and Liles, 2011) . Nevertheless, stimulating S1P1 with SEW2871 or inhibiting S1P2 with JTE-031 did reduce permeability when these agents were administered at the time of CLP. Next, using the lowest most efficacious doses of SEW2871 and JTE-031 determined in the permeability dose-finding study, we evaluated their effects on capillary perfusion within the first 6 hours. Interestingly, neither agent protected against the initial decline in capillary perfusion. This is a significant finding because it dissociates the early fall in capillary perfusion from microvascular permeability and supports the notion that the initial fall in renal microvascular perfusion is more directly dependent on the rapid fall in renal blood flow that occurs in this model of severe sepsis .
To examine whether these agents may have therapeutic potential to target microvascular injury that is likely to be present by the time of diagnosis in the septic patient, we treated animals at 6 hours after CLP, a time when microvascular permeability was already increased and capillary perfusion was already decreased. Under these conditions, SEW2871 was actually able to reverse microvascular leakage. In contrast, JTE-013, tested at two doses, was ineffective. Taken together, these findings suggest that stimulation of S1P1 is preventative as well as reparative, whereas antagonism of S1P2 appears to only be preventative. This is consistent with the report that pretreatment with JTE-013 in a murine lipopolysaccharide model of sepsis reduced inflammatory cytokines and endothelial activation (Zhang et al., 2013) . However, our studies using a delayed dosing paradigm begun after the initial cytokine release (Miyaji et al., 2003; Wang et al., 2011) to more appropriately mimic the clinical setting suggest that targeting S1P2, at least with JTE-013, may not be as effective as targeting S1P1.
Further evidence of the therapeutic potential of targeting S1P1 comes from the findings that even delayed administration of SEW2871 dramatically improved capillary perfusion. The ability of SEW2871 to restore renal capillary perfusion without increasing MAP suggests a direct effect on the renal microcirculation. However, S1P1 is also expressed in renal tubules (Zhu et al., 2011) , and SEW2871 did improve morphology, suggesting that SEW2871 could act at multiple sites within the kidney to improve but not completely restore overall renal function during sepsis, as has been observed in delayed therapy with other agents ( Depicted is the time course of MAP measured in three groups of conscious mice using biotelemetry. All mice received CLP at the time indicated by the arrow. At 6 hours, the CLP + vehicle group (n = 3) received vehicle, and the CLP + SEW2871 group (n = 4) received SEW2871 at a dose of 10 mg/kg. Neither vehicle nor SEW2871 had any significant effect on MAP when compared with the CLP group (n = 5). Data are mean 6 S.E.M. Fig. 6 . Effects of delayed treatment with SEW2871 on renal function and morphology at 18 hours after CLP. CLP caused an increase in serum BUN and creatinine concentrations as well as an increase in the kidney morphology score. Administration of SEW2871 (10 mg/kg) at 6 hours after CLP decreased serum BUN (A) and creatinine (B) levels at 18 hours. Data are mean 6 S.E.M.; *P , 0.05 compared with the sham group; † P , 0.05 compared with the CLP + vehicle and sham groups; n = 8 in sham; n = 11 in CLP + vehicle; n = 6 in CLP + SEW2871. SEW2871 decreased the kidney morphology score (C). Individual scores are shown along with mean 6 S.E.M.; *P , 0.05; n = 7 animals per group.
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at ASPET Journals on January 22, 2018 jpet.aspetjournals.org Holthoff et al., 2013) . The protective effects of SEW2871 in the sepsis model are consistent with the findings in renal ischemia/reperfusion injury where selective deletion of endothelial S1P1 (Ham et al., 2014) or proximal tubule S1P1 (Bajwa et al., 2010) both exacerbate renal injury. Additional studies are needed to establish the mechanisms of action of S1P1 agonists and mode of signaling cross-talk in the kidney, which could promote recovery of the microvasculature and the tubular epithelium.
These initial preclinical studies suggest that targeting S1P1 with SEW2871, even after the initiation of injury can improve renal function. These findings support the growing realization that repair of the microcirculation may actually be more important than simply raising MAP to protect organ function (De Backer et al., 2013; Asfar et al., 2014) . If confirmed as a class, the addition of S1P1 agonists to current supportive therapy might be a new promising strategy to prevent further injury and promote recovery. 
